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Adolescence is characterized by considerable changes in cognitive and socio-emotional
skills. There are considerable differences between adolescents with regards to the
development of these skills. However, most studies examine adolescents’ average
functioning, without taking into account this heterogeneity. The current study applies
network analysis in order to examine heterogeneity of cognitive and socio-emotional
functioning in adolescents on-track or delayed in their school progression. Data was
collected at two time-points for on-track (n = 320) and delayed (n = 69) adolescents
(Mage = 13.30 years, SDage = 0.77). Repeated measures ANOVA showed no
significant differences between the groups in cognitive and socio-emotional functioning
(p’s > 0.05). Network analysis revealed that executive functions play a key role in the
network of cognitive, social, and emotional functioning. This is especially the case in the
delayed group where executive functions are even more central, both at T1 (inhibition
and shifting) and T2 (shifting). Subsequent community analysis revealed three profiles in
both groups: a well-adapted and well-balanced group, a group with high levels of need
for arousal and risk-taking, and a group with regulation problems. Compared to on-
track adolescents, delayed adolescents showed even higher levels of risk-taking in the
second profile and higher levels of executive function problems in the third profile at T1.
These differences were leveled out at T2, indicating adolescents in the delayed group
catch up with their peers. This study highlights the intricate balance between cognitive,
social and emotional functioning in adolescents in relation to school performance and
provides preliminary evidence of the importance of taking individual differences within
groups into account.
Keywords: graph theory, network analysis, community analysis, executive functioning, adolescence, cognitive
development, social development, emotional development
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INTRODUCTION
Adolescence is considered an important developmental stage
(Konrad et al., 2013; Jaworska and MacQueen, 2015; Juraska
and Willing, 2017). It is a period of transition that is not only
characterized by obvious changes in biological and physical
functioning, but also by rapid change in cognitive, social and
emotional skills (Crosnoe and Johnson, 2011; Crone and Dahl,
2012). Adolescent thinking becomes more complex, abstract and
focused on metacognition, while they reorient from the family to
peers in the social domain and experience heightened intensity
and variability of emotions in the emotional domain (Steinberg,
2005; Silvers et al., 2012; Blakemore and Mills, 2014; Dumontheil,
2014).
Due to the tremendous changes that occur during adolescence
it is a period that offers both opportunities and challenges.
For most adolescents, the increased cognitive, social and
emotional abilities provide opportunities and result in increased
competence, self-worth and positive social bonds (Briggs, 2009;
Lewin-Bizan et al., 2010). Yet, some adolescents struggle
with the many changes during this period and may become
entangled in a negative spiral (Crone and Dahl, 2012). For
example, adolescence is known to be accompanied by increases
in anxiety, depression, risk-taking behavior, and academic
problems (Prencipe et al., 2011; Eiland and Romeo, 2013;
Blakemore and Mills, 2014; De Laet et al., 2016). Thus, there
is great heterogeneity in the functioning of adolescents and
the examination of these individual differences in adolescent
developmental trajectories is essential to fully understand these
cognitive, social and emotional changes. However, current
studies often ignore the (neuropsychological) heterogeneity
within samples. Additionally, most studies investigate cognitive,
social and emotional skills in isolation, while in real life
these skills are interrelated and influence each other. The
current study attempts to fill these gaps by using network
and community analyses to examine the interrelations between
cognitive, social and emotional skills, while taking into
account inter-individual differences between adolescents in their
development.
Cognitive, Social, and Emotional
Changes in Adolescence
Three domains in which rapid and large developmental
changes occur in parallel during adolescence are within
cognitive, social and emotional functioning (Crone and Dahl,
2012). With regard to cognitive development, adolescents’
cognition becomes more complex and efficient and is
characterized by increases in abstract, multidimensional
and metacognitive thinking (Steinberg, 2005; Dumontheil,
2014). Central in this area of development are the substantial
improvements with regard to executive functioning (Weil et al.,
2013). These improvements can be seen both in increased
performance on neuropsychological tasks measuring executive
functioning (e.g., Digit Span, Go/No-go task; Zelazo and
Carlson, 2012) and in increases of adolescents self-regulating
behavior (e.g., reductions in hyperactivity; Coté et al., 2002).
In the area of social development, adolescence marks a
reorientation from family to peers (Blakemore and Mills,
2014). Adolescents spend more time with peers, interact with
larger peer groups and interact more often with opposite-
sex peers compared to children. As a consequence, peer
problems are more likely to arise and peer influences on
adolescents’ behavior become more apparent (Albert et al.,
2013; Huang et al., 2014). Finally, changes in emotional
functioning are characterized by the experience of more intense
emotions (both negative and positive) and more variability
in emotions, increases in need for arousal, and increases in
emotional regulation abilities (Steinberg, 2005; Silvers et al.,
2012).
Interrelations Among Developmental
Domains and Heterogeneity in
Adolescence
Most available studies examining adolescent development and
functioning study cognitive, social and emotional skills in
isolation, while in real life these skills are known to influence
each other. For example, the increase in emotion intensity
and variability in combination with the slow and prolonged
development of executive functions, can lead to a discrepancy
between adolescents’ knowledge about negative consequences
of behavior and their actual behavior in emotionally loaded
situations, resulting in an increase in risk-taking behavior
(Prencipe et al., 2011). Recent research even defines hot executive
functions as the cognitive top-down control in emotionally
important situations and distinguishes it from cool executive
functions, which are used for top-down control in neutral (or
purely cognitive) situations (Zelazo and Carlson, 2012). Similarly,
due to the increased importance and influence of peers and the
increased ability of metacognitive thinking, the way adolescents
think about themselves and their emotional experiences (e.g.,
loneliness) changes (Blakemore and Mills, 2014; Vanhalst et al.,
2014). These examples show that the general functioning of
adolescents and their functioning at school is determined by the
interrelation between cognitive, emotional and social skills, both
at the neurocognitive level (e.g., executive functioning) and the
behavioral level (e.g., risk-taking behavior). Yet, the interrelation
between these skills is, so far, rarely systematically investigated.
As a consequence, little is known about how these skills relate to
each other, what the relative importance of each of these skills
is, and what the role of a potential imbalance between these
skills is for issues common during adolescence, such as academic
difficulties.
Although the importance of individual variability in the
functioning of adolescents is generally recognized, many studies
do not explicitly examine this heterogeneity. Rather, most studies
look at average development or functioning within samples or
compare the average individual in one group with an average
individual in another group. This is especially the case for
community samples, which are often treated as a homogeneous
group of individuals without symptoms or impairments (van der
Meer et al., 2017). However, there is strong evidence that within
a group of ‘typically developing’ individuals and adolescents
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there can also be large differences in cognitive, social and
emotional skills (Fair et al., 2012; van der Meer et al., 2017).
Not explicitly modeling or examining such heterogeneity can
limit our understanding in the occurrence and causes of specific
deficits (Fair et al., 2012).
Grade Retention
One domain where great changes in cognition and socio-
emotional functioning can result in maladaptive outcomes
during adolescence is within education (De Laet et al., 2016).
While obvious changes still have to occur in cognitive, social
and emotional functioning, the altered school environment
places high demands on these skills. For example, increases in
class size, decreases in adult support and increased individual
responsibility place higher demands on executive functioning
and social skills (Jacobson et al., 2011). Consequently, difficulties
with these skills can result in negative scholastic outcomes,
such as grade retention. Previous research has shown behavior
problems, aggressive behavior, peer relationships, motivation
and self-efficacy, and executive functioning to be predictive for
school outcomes such as drop out, grades and grade retention
(Jimmerson et al., 2000; Robbins et al., 2004; Jimmerson and
Ferguson, 2007; Davoudzadeh et al., 2015; Fitzapatrick et al.,
2015).
Yet, current literature on grade retention focuses on
examining the involvement of isolated aspects of cognitive,
social and emotional functioning. Additionally, these studies
often compare on-track and delayed adolescents, without taking
the heterogeneity into account. This approach ignores that the
balance between different skills can play a role in grade retention,
and that different skills may have played a role in the retention
of different adolescents. The current study examines the role of
the interrelation between cognitive and socio-emotional skills
in grade retention and takes into account the within group
heterogeneity with the use of graph theory as an analytical
approach.
Graph Theory as an Analytical Approach
Graph theory involves the analysis of relationships within
a network. For example, scores on measures of cognitive
functioning can be represented as nodes within a network, and
the correlations between these variables as edges which form
the connections between the nodes. This approach has been
applied in multiple domains, such as neuroimaging research
examining connectivity between brain regions within neural
networks (Dosenbach et al., 2013; Kellermann et al., 2015), or
within the field of psychopathology when comparing patient
and control groups (McNally, 2016). In the later it has, for
example, been used to examine which symptoms (Heeren and
McNally, 2016; Russell et al., 2017), which neuropsychological
skills (Heeren and McNally, 2016; Hoorelbeke et al., 2016;
Ibrahim et al., 2016) are central in clinical groups compared
to non-clinical groups, or if core symptoms of clinical
disorders vary across developmental periods (Martel et al.,
2016).
Understanding which impairments are central for specific
(clinical) groups can aid the (early) recognition and treatment
of these problems (Ibrahim et al., 2016). This can be
examined in more detail through detection of communities
within graphs where individuals are represented as nodes, and
the similarities between individuals (e.g., in their cognitive
profiles) are represented by the edges. Communities are densely
connected groups of nodes, with sparse connections to other
groups. Individuals within a community show a high degree
of similarity in the determinants of their behavior, while the
various communities may display similar overt behaviors, but
the underlying determinants often differ. One of the first
studies to apply this method was conducted by Fair and
colleagues (2012), who used community detection to determine
the existence of subgroups based on neuropsychological profiles
in both a typically developing group and an ADHD group of
children and adolescents. Their results suggested that there was
significant heterogeneity within both the patient and control
groups, and that comparison between the groups was greatly
improved when patients and controls were matched based on
their neuropsychological profiles. Thus, the advantage of this
approach is that rather than averaging out inter-individual
differences in behavior, it enables examination of relative
strengths and weaknesses within groups, and therefore can
provide new information about underlying difficulties for specific
groups.
The Current Study
Where previous studies using graph theory as an analytical
approach examined the networks of neuropsychological skills
in clinical samples (e.g., ADHD), the current study shows that
this approach can also be used to investigate the networks
of skills in different developmental domains in a community
sample of adolescents. The current study examines cognitive,
social and emotional skills in adolescents on-track and delayed
in their scholastic progress, adopting a graph theory approach.
This approach allows examination and comparison of the
influence of multiple cognitive (cool executive functioning,
conduct problems, and hyperactivity), social (social support,
resistance to peer influence, peer problems, and prosocial
behavior) and emotional skills (emotional problems, emotion
regulation, hot executive functioning, and need for arousal) in
an on-track and delayed (in terms of their educational progress)
adolescent group. With regard to cool executive functioning, the
current study uses both performance tasks of working memory,
inhibition and cognitive flexibility, as well as questionnaires
assessing these and more complex executive functions (e.g.,
planning). This way the current study thoroughly examines
three important core executive functions that still show clear
developmental changes in early adolescence, as well as a broader
perspective on executive functioning (Zelazo and Carlson, 2012;
Diamond, 2013). Additionally, it allows the examination of the
heterogeneity within these groups by investigating the existence
of subgroups with specific patterns of cognitive, social and
emotional skills within both the on-track and the delayed group.
It is expected that network analyses can reveal differences
between the on-track and delayed group of adolescents that are
not apparent when applying traditional analytical approaches.
Using this innovative approach allows for more nuanced insights
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into which skills play a role in grade retention for which
subgroups of adolescents.
MATERIALS AND METHODS
Participants
The present study used data from two waves. The target
sample involved pre-adolescents and adolescents living in urban
and rural areas in the Netherlands, attending regular schools
for primary and secondary education. At baseline (T1), data
were collected from 524 participants (mean age 13.13 years,
SD = 0.86, 247 girls). Approximately 1 year later (mean time
difference = 0.89 years; SD = 0.08), all participants were
invited for data collection for the second time point (T2).
A total of 101 participants moved, or indicated that they
could not, or did not want to participate again. Therefore,
at T2, data was collected from 423 participants (mean age
14.18 years, SD = 0.77, 199 girls). The children that dropped
out between T1 and T2 differed slightly from the group that
participated in both waves with respect to their age at T1
(Mdrop-out = 12.51, Mboth = 13.28; t(142.56) = 8.08; p < 0.001).
This difference is strongly related to the younger children
transferring to different schools for secondary education after
middle school; we experienced great difficulty recruiting these
children for participation in T2, as they failed to inform us
about their new school. The children that dropped out did not
differ from the children that participated in both waves with
respect to their IQ at T1 [Mdrop-out = 25.86, Mboth = 25.39;
t(171.30) = 1.28; p = 0.202], nor did they differ in terms of
their gender distribution [χ2(1) = 0.00; p = 0.944] or the
distribution of whether they repeated a class [χ2(1) = 1.08;
p = 0.299].
A final sample of N = 389 (188 girls) was included in
the analyses reported in the current study; these participants
completed the entire task battery and all surveys in both waves
(T1: mean age 13.30 years, SD = 0.77; T2: mean age 14.19 years,
SD = 0.74).
Next, we identified the students who repeated a class during
their school career (i.e., the delayed group, n = 69; 27 girls) as
well as the students that never repeated a class (i.e., the on-
track group, n = 320; 161 girls). The gender distributions in
the delayed and the on-track group did not differ significantly,
χ2(1) = 2.41, p = 0.120. At T1, the mean age in the delayed
group slightly differed from the on-track group (13.81 years;
SD = 0.79 vs. 13.19 years; SD = 0.72), t(93.01) = 6.00; p < 0.001.
Consequently, at T2, the mean age in the delayed group slightly
differed from the on-track group (4.72 years; SD = 0.76 vs.
14.08 years; SD = 0.69; t(92.85) = 6.36; p < 0.001). The delayed
and the on-track group did not differ in terms of their IQ scores at
T1 (Mdelayed = 25.13, Mon-track = 25.43; t(106.08) = 0.66; p = 0.513)
or at T2 (Mdelayed = 25.46, Mon-track = 26.00; t(102.08) = 1.28;
p = 0.203). Note that effects of age and IQ were regressed out in
the analyses (see Results section for a description of the regression
approach).
All participants provided written informed consent for the
study (parental consent and participant assent for children and
adolescents) at both time points. Instead of receiving individual
credit, participants received a voucher for an excursion together
with their classmates. The study was approved by the Ethical
Committee of the Faculty of Behavioral and Social Sciences of the
University of Amsterdam.
Estimated intelligence scores were obtained by using a non-
verbal scale, the matrix reasoning subscale of the Stanford Binet
V (Roid, 2003). At T1, the mean scores on this task were 25.13
(SD = 3.42) for the delayed group, and 25.43 (SD = 3.77) for the
on-track group. At T2, the mean scores on this task were 25.46
(SD = 3.15) for the delayed group, and 25.98 (SD = 3.27) for the
on-track group. Mean scores did not differ between waves [F(1,
387) = 2.04, p = 0.155], nor between groups [F(1, 387) = 1.41,
p = 0.236].
Materials
Participants’ cognitive, social and emotional functioning was
indexed by surveys and behavioral measures. Table 1 provides an
overview of the measures and the variables of interest per domain
of functioning.
Surveys
SDQ
To assess child mental health problems, we used the Dutch self-
report version of the Strengths and Difficulties Questionnaire
(SDQ; Goodman, 1997, 2001; van Widenfelt et al., 2003).
The SDQ consists of 25 items covering five subscales relating
to emotional problems, peer relationship problems, conduct
problems, hyperactivity/inattention and prosocial behavior. Each
subscale comprises five questions with 3-point response scales
(“Not true” = 0, “Somewhat true” = 1, and “Certainly true” = 2).
Example items include “I am constantly fidgeting or squirming”
(hyperactivity), or “I am kind to younger children” (prosocial
behavior). The variables of interest were the mean scores per
subscale, with higher scores indicating more mental health
problems (A. Goodman et al., 2010).
RPI
To assess resistance to peer influence, we used an adapted version
of the Resistance to Peer Influence questionnaire (Steinberg and
Monahan, 2007). This adaptation consisted of ten statements,
such as “My friends easily make me change my mind,” or “I say
things I don’t really mean, when I think that my friends will
respect me more.” Respondents indicated on 5-point response
scales (“Not at all true” = 0, “Not true” = 1, “Somewhat true” = 2,
“True” = 3, and “Certainly true” = 4) which of the answer options
applied to them. The variable of interest was the total score of all
items, with higher scores representing higher resistance to peer
influence.
BRIEF
To assess daily life executive functions, we used the self-report
version of the Behavior Rating Inventory of Executive Function
(BRIEF; Guy et al., 2004; Huizinga and Smidts, 2012). The
questionnaire was completed by the adolescents, who indicated
how often a given behavior has occurred in the past 6 months by
endorsing one of three responses, namely “Never,” “Sometimes,”
or “Often.” The BRIEF consists of 75 items, concerning
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TABLE 1 | Overview of the measures and variables of interest per domain of functioning (i.e., cognitive, social, and emotional functioning).
Domain Task or survey Variables of interest
Cognitive functioning Dots-Triangles Task Huizinga et al. (2006) Ratio task-repeat/task-switch trials (RT)
Eriksen Flankers Task Ridderinkhof and Van der Molen (1995);
Huizinga et al. (2006)
Ratio congruent/incongruent trials (RT)
Digit Span Kort et al. (2005) Ratio digit span forward score/digit span backward score
Columbia Card Task Figner et al. (2009) Average of turned cards on cold version
BRIEF Guy et al. (2004); Huizinga and Smidts (2012) – Inhibit score
– Shift score
– Working memory score
– Task completion score
– Plan/organize score
– Organization of materials score
– Monitor score
Strengths and Difficulties Questionnaire Goodman (1997,
2001); van Widenfelt et al. (2003)
– Conduct problems score
– Hyperactivity/inattention score
Social functioning Social Support Scale Harter (1985) – Perceived social support from teachers score
– Perceived social support from parents score
– Perceived social support from classmates score
– Perceived social support from close friends score
Resistance to Peer Influence Steinberg and Monahan (2007) Total score
Strengths and Difficulties Questionnaire Goodman (1997,
2001); van Widenfelt et al. (2003)
– Prosocial behavior score
– Peer problems score
Emotional functioning Need for arousal Figner et al. (2009) Total score
Columbia Card Task Figner et al. (2009) Average of turned cards on hot version
Strengths and Difficulties Questionnaire Goodman (1997,
2001); van Widenfelt et al. (2003)
Emotional problems score
BRIEF Guy et al. (2004); Huizinga and Smidts (2012) Emotion regulation score
specific behaviors relating to executive functioning in children.
The questionnaire comprises eight clinical scales (Inhibit,
Shift, Emotional Control, Task Completion, Working Memory,
Plan/Organize, Organization of Materials, and Monitor), used
as variables of interest. Example items include: “Gets out
of seat at the wrong times” (Inhibit), “Is disturbed by
change of teacher or class” (Shift), or “Makes careless errors”
(Monitor). Higher scores indicated more problems with
executive functions.
Social support scale
To assess the perceived social support and regard which
significant others manifest toward children and young
adolescents, we used an adapted version of the Social Support
Scale (Harter, 1985). This version consisted of 16 statements,
concerning their parents (4 items), classmates (4 items), teachers
(4 items), and close friends (4 items). Example items are: “I
have parents who want to listen to my problems,” “I have
classmates I can become friendly with,” “I have a teacher who
cares about me,” or “I have a close friend who really understands
me.” Respondents indicated on 5-point scales (“Not at all
true” = 0, “Not true” = 1, “Somewhat true” = 2, “True” = 3,
and “Certainly true” = 4) which of the answer options applied
to them. The variables of interest were the total scores on
the parents, classmates, teachers, and close friends scales.
Higher scores indicated a higher perceived availability for social
support.
Need for arousal
To assess situation-unspecific trait-like aspects of need for-
arousal, we used an eight-item questionnaire devised by Figner
et al. (2009). Questions refer to broad preferences regarding the
level of novelty in general and the propensity to expose oneself
to risky situations in everyday life (e.g., “I like a lot of variety”
and “I often position myself in an exciting/dangerous situation
on purpose”). Responses on this scale were given using a visual
analog scale (slider bar), with scale endpoints “Does not apply at
all” (scored as 1) and “Applies very much” (scored as 100). The
variable of interest was the mean score of all eight questions.
Behavioral Measures
Dots-triangles
In order to assess cognitive flexibility, we used the Dots and
Triangles task, which is part of a task battery to assess executive
functions in children, adolescents and young adults (Huizinga
et al., 2006). In a 4 × 4 grid on the screen, varying numbers (i.e.,
three to eight per half of the grid; equally distributed) of dots or
triangles were presented. During the “dots” task, participants had
to decide whether there are more dots in the left or the right
part of the screen (block 1; 30 practice trials, 50 experimental
trials). During the “triangles” task, participants had to decide
whether there are more triangles in the top or in the bottom part
of the screen (block 2; 30 practice trials, 50 experimental trials).
Blocks 1 and 2 were administered in randomized order. In the
third block (90 practice trials, 150 experimental trials), a series
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of four “dots” trials and a series of four “triangles” trials were
alternately presented to the participants. The focus of the analyses
was on reactions in the third block, in which responses could
be preceded by a trial requiring the same task (i.e., task-repeat
trials) and responses could require a switch to the alternative
task (i.e., task-switch trials). Participants had 3500 ms to respond;
when a response was given, the stimulus disappeared from the
screen. The time interval between the response and the next
stimulus varied pseudo-randomly between 900 and 1100 ms in
steps of 10 ms. The main dependent variable was the ratio of the
median response latencies on task-repeat trials and task-switch
trials.
Eriksen flankers task
In order to assess the ability to resist interference, we used the
Eriksen Flankers Task, which was also part of the task battery
to assess executive functions in children, adolescents and young-
adults (Ridderinkhof and Van der Molen, 1995; Huizinga et al.,
2006). Participants had to respond to a left vs. right pointing
arrow presented at the center of the screen, by pressing a
left or right response button. The arrow was flanked by four
arrows pointing in the same direction (i.e., →→→→→ or
←←←←←; congruent condition) or by four arrows pointing
in the opposite direction (i.e., →→←→→ or ←←→←←;
incongruent condition). There were 50 practice trials and 100
experimental trials (i.e., 50 congruent trials and 50 incongruent
trials, varied pseudo-randomly). The stimulus onset occurred
with the presentation of a rectangle, which served as the warning
stimulus. After a time interval of 400 to 600 ms (varied pseudo-
randomly in steps op 10 ms), the arrows array was presented.
Participants had 2500 ms to respond; the arrow array disappeared
from the screen when a response was made. The inter trail
interval varied pseudo-randomly between 900 and 1100 ms in
steps of 10 ms. The main dependent variable was the ratio of the
median response latencies on congruent trials and incongruent
trials.
Digit span
To asses working memory capacity, we used a computerized
version of the Digit Span subtest from the WISC-III-NL (Kort
et al., 2005). The Digit Span comprises two parts: the Digit Span
Forward and the Digit Span Backward. The Digit Span Forward
requires the participant to repeat increasingly longer strings of
numbers, in the same order as presented on the computer screen.
The Digit Span Backward requires the participant to repeat
increasingly longer strings of numbers, in the reverse order as
presented on the computer screen. Numbers were presented at
a rate of one number per second, and responses were given on
a number pad. In both parts of the Digit Span, each test item
consisted of two strings of digits administered at each list length,
starting with a string of two digits, and increasing in length by one
digit following successful repetition of at least one string of digits
at a given length. Testing was discontinued when a participant
incorrectly repeated two strings of the same length. Digit Span
scores were computed using the longest string length correctly
recalled. The variable of interest was the ratio of the Digit Span
Forward and the Digit Span Backward.
Columbia card task
In order to assess risk-taking behavior, we used a computerized
version of the Columbia Card Task (CCT; Figner et al., 2009).
The CCT comprises a hot and a cold version. The hot version
of the CCT was designed to trigger the involvement of affective
decision-making processes, whereas the cold version of the
CCT was designed to assess risk-taking under predominantly
deliberative conditions involving ‘cold’ cognitive processes. In the
hot version, 32 cards are presented face down in an 8× 4 grid on
the screen (see Figner et al., 2009 for an example of the lay-out).
Among these cards are loss cards and gain cards. At the top of the
screen, information is provided about the number of loss cards (1
or 3) hidden among them, the gain amount for each turned over
gain card (10 or 30 points), and the loss amount when a loss card
is turned over (−250 or−750). There were 24 game rounds. Each
new game round starts with a score of 0 points and all 32 cards
shown face down. Within a game round, participants are required
to make a series of binary decisions whether to turn over a card or
to stop turning over cards. After each turn, they receive feedback,
indicating whether the turned card was a gain card or a loss card.
A running total of the accumulated amount of points is shown
when a card is turned over. A game round continues until the
participant turns over a loss card (leading to the subtraction of
the loss from the running score), or when the participant decides
to stop tuning cards. The magnitude of gain, magnitude of loss,
and the number of loss cards varied across game rounds. The
variable of interest is the average number of cards chosen to turn,
as an indicator of risk-taking. The cold version of the CCT is
similar to the hot version, but without the inclusion of affective
processes during decision making. Specifically, at the beginning
of each game round the participant decides how many cards
he or she wants to turn over. In addition, outcome feedback is
only provided until all game rounds have been played. Again,
the variable of interest is the average number of cards chosen to
turn.
Procedure
Testing took pace in two sessions. In one session, the
experimental tasks were administered. All participants were
tested simultaneously in groups of two. The order of the tasks
was counterbalanced. There were 3-min breaks between tasks.
Each test was practiced first; when the participants understood
the instructions, the actual testing took place. Each experimental
test session test session lasted approximately 1 h. In the other
test session, participants filled out the surveys. This was done in
groups of approximately 15 participants, and took place in the
common computer lab at school, which was reserved for testing.
Each survey testing session lasted approximately 1 h.
RESULTS
We performed three sets of analyses. The first set included
analyses of variance to assess performance differences between
the delayed and the on-track group, and between waves. Data
are presented in three domains: cognitive functioning, social
functioning and emotional functioning (see 2). Age and IQ were
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used as covariates. The second set included a network analysis to
model pairwise relationships between the variables in the delayed
and the on-track groups. The third set included a community
profile analysis to assess neuropsychological heterogeneity in
relation to educational performance (i.e., delayed or on-track).
To control for differences in Age and IQ in the network analysis
we fitted, for each variable in each wave, a linear model with Age
and IQ as predictors and the variable of interest as dependent
variable. The residuals of each regression were subsequently used
to calculate the covariance matrix used as input in the network
analysis. Analyses were performed using the lm function in
R (R Core Team, 2016).
Analysis of Variance
The marginal means and standard errors of the variables of
interest per domain of functioning and per time point (T1 and
T2) are reported in Table 2 for the delayed and on-track group.
We performed separate repeated-measures ANOVA’s with
Time Point (T1 and T2) as within-subject variable, and Group
(delayed and on-track) as between-subjects variable. As can
be seen in Table 2, none of the interactions were significant,
indicating that the combined effect of Time point and Group on
the variables of interest was absent. In other words, on average
both groups showed the same change in scores from T1 to T2 on
all measures.
Network Analysis
Network analysis was performed on the covariance matrix of
the 24 pre-processed variables. To estimate the optimal network
in each group we used the GLASSO algorithm (Friedman
et al., 2008) with an Extended BIC (EBIC, Foygel and Drton,
2010) criterion to select the optimal sparseness parameter.
We estimated the optimal model on the covariance matrix
of participants of both groups, but separately for each wave.
Using this sparseness parameter, we then estimated the network
separately for the on-track and delayed group in each wave.
After network estimation, we calculated degree centrality for
each node. To obtain confidence intervals we used a bootstrap
approach with 1000 iterations. For each iteration, we took
a random sample (with replacement) from each group and
performed sparseness parameter selection (over both groups)
and network estimation. All analyses were performed using the
bootnet package (Epskamp et al., 2016) in R (R Core Team, 2016).
Estimated networks for the on-track and delayed groups for
both waves are shown in Figure 1. Colored circles indicate the
nodes of the network (red = cognitive functioning, green = social
TABLE 2 | The interaction effects of the variables of Interest (per domain of functioning) at T1 and T2, with group (delayed vs. on-track).
Domain/variable of interest Delayed group (n = 69) On-track group (n = 320) F p
T1 M (SD) T2 M (SD) T1 M (SD) T2 M (SD)
Cognitive functioning
Dots-Triangles 1.26 (0.18) 1.28 (0.23) 1.28 (18) 1.28 (0.17) 0.185 0.668
Eriksen Flankers Task 1.13 (0.06) 1.13 (0.06) 1.13 (0.06) 1.13 (0.05) 0.000 0.997
Digit Span 0.77 (0.30) 0.81 (0.40) 0.92 (0.62) 0.81 (0.25) 2.925 0.088
Columbia Card Task (cold version) 3.14 (4.68) 1.68 (3.83) 3.21 (4.19) 1.61 (3.64) 0.050 0.824
BRIEF Inhibit 1.55 (0.40) 1.57 (0.39) 1.53 (0.34) 1.55 (0.35) 0.003 0.957
BRIEF Shift 1.47 (0.40) 1.43 (0.37) 1.41 (0.30) 1.41 (0.35) 0.853 0.356
BRIEF Working Memory 1.56 (0.39) 1.56 (0.36) 1.58 (0.37) 1.60 (0.38) 0.080 0.777
BRIEF Task Completion 1.55 (0.45) 1.55 (0.40) 1.50 (0.36) 1.53 (0.38) 0.173 0.678
BRIEF Plan/Organize 1.53 (0.39) 1.52 (0.34) 1.52 (0.34) 1.54 (0.36) 0.486 0.486
BRIEF Organization of Materials 1.53 (0.40) 1.50 (0.38) 1.58 (0.41) 1.61 (0.43) 1.589 0.208
BRIEF Monitor 1.51 (0.46) 1.48 (0.43) 1.53 (0.44) 1.51 (0.42) 0.001 0.976
SDQ Conduct problems 1.93 (1.83) 1.93 (1.63) 1.61 (1.37) 1.64 (1.33) 0.021 0.884
SDQ Hyperactivity/inattention 3.13 (1.96) 3.20 (1.97) 3.14 (2.03) 3.19 (1.99) 0.012 0.913
Social functioning
Social Support Scale – Parents 4.52 (0.74) 4.52 (0.73) 4.59 (0.62) 4.61 (0.63) 0.066 0.797
Social Support Scale – Classmates 3.48 (0.59) 3.38 (0.63) 3.47 (0.53) 3.51 (0.54) 2.317 0.129
Social Support Scale – Teachers 3.23 (1.07) 3.24 (1.02) 3.37 (0.95) 3.11 (0.98) 2.917 0.088
Social Support Scale – Close friends 4.39 (0.77) 4.46 (0.79) 4.29 (0.85) 4.39 (0.77) 0.076 0.783
Resistance to peer influence 2.17 (0.45) 2.12 (0.59) 2.26 (0.50) 2.16 (0.52) 0.689 0.407
SDQ Prosocial behavior 3.17 (1.15) 2.94 (1.26) 7.91 (1.73) 7.79 (1.86) 0.002 0.961
SDQ Peer relationship problems 7.91 (1.45) 7.61 (1.97) 2.96 (1.33) 2.72 (1.18) 0.651 0.420
Emotional functioning
Need for arousal 48.37 (12.50) 48.78 (12.91) 50.57 (12.47) 51.18 (13.36) 0.013 0.909
Columbia Card Task (hot version) 4.07 (2.46) 2.75 (2.45) 3.55 (2.64) 2.51 (2.62) 0.598 0.440
SDQ Emotional symptoms 2.10 (1.84) 2.01 (1.98) 2.36 (1.80) 2.19 (1.95) 0.121 0.728
BRIEF Emotional Control 1.29 (0.33) 1.23 (0.29) 1.32 (0.31) 1.32 (0.32) 2.277 0.132
NB. df = 1,387.
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FIGURE 1 | Network model of all variables, for the two waves across the three domains (cognitive functioning in red; social functioning in green; and emotional
functioning in blue) and groups (delayed vs. on-track). The variables are now plotted in a ‘spring’ plot (Fruchterman and Reingold, 1991), in which variables that are
strongly related are closer together and the more central nodes are in the center of the plot. EFSW, Dots-Triangles; EFIN, Eriksen Flankers Task; EFWM, Digit Span;
RCOL, Columbia Card Task (cold version); BRIN, BRIEF Inhibit; BRFX, BRIEF Shift; BRWM, BRIEF Working Memory; BRTC, BRIEF Task Completion; BRPO, BRIEF
Plan/Organize; BROM, BRIEF Organization of Materials; BRMO, BRIEF Monitor; SDQC, SDQ Conduct problems; SDQH, SDQ Hyperactivity/inattention; SSPA,
Social Support Scale – Parents; SSCM, Social Support Scale – Classmates; SSTE, Social Support Scale – Teachers; SSFR, Social Support Scale – Close friends;
RPIF, Resistance to peer influence; SDQS, SDQ Prosocial behavior; SDQP, SDQ Peer relationship problems; NFAR, Need for arousal; RHOT, Columbia Card Task
(hot version); SDQE, SDQ Emotional symptoms; BRER, BRIEF Emotional Control.
functioning, and blue = emotional functioning). Lines between
the nodes are the non-zero partial correlations (red = negative
and green = positive), thickness of the lines indicates stronger
correlations. In order to examine differences between the on-
track and delayed group, we plotted so-called ‘spring’ plots
(Fruchterman and Reingold, 1991), in which variables that are
strongly related are plotted closer together and more central
(i.e., in the center) of the plot. In addition, Figure 2 shows the
centrality estimates for all variables for the two waves across the
three domains.
As can be seen in Figure 1, across all waves and groups
there are strong connections within the cognitive domain,
indicating that the variables comprising this domain are strongly
related. For the other domains, the interrelations are present,
but less strong. Across domains of functioning, there are
strong connections of executive function behavior (as measured
by questionnaires) and emotion regulation, and of conduct
problems and prosocial behavior and teacher social support.
Overall, the networks for both groups are relatively stable across
waves.
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FIGURE 2 | The centrality estimates and 95% confidence intervals of all variables, for the two waves across the three domains (cognitive functioning in red; social
functioning in green; and emotional functioning in blue) and groups (delayed [triangles] vs. on-track [circles]). EFSW, Dots-Triangles; EFIN, Eriksen Flankers Task;
EFWM, Digit Span; RCOL, Columbia Card Task (cold version); BRIN, BRIEF Inhibit; BRFX, BRIEF Shift; BRWM, BRIEF Working Memory; BRTC, BRIEF Task
Completion; BRPO, BRIEF Plan/Organize; BROM, BRIEF Organization of Materials; BRMO, BRIEF Monitor; SDQC, SDQ Conduct problems; SDQH, SDQ
Hyperactivity/inattention; SSPA, Social Support Scale – Parents; SSCM, Social Support Scale – Classmates; SSTE, Social Support Scale – Teachers; SSFR, Social
Support Scale – Close friends; RPIF, Resistance to peer influence; SDQS, SDQ Prosocial behavior; SDQP, SDQ Peer relationship problems; NFAR, Need for arousal;
RHOT, Columbia Card Task (hot version); SDQE, SDQ Emotional symptoms; BRER, BRIEF Emotional Control.
The most prominent difference between the delayed and
the on-track group is expressed in the increased amount
of connections within and between social and emotional
variables in the delayed group compared to the on-track
group. Remarkably, in the delayed group, the variables in the
emotional domain are more central than in the on-track group.
Looking at the individual variables per domain (Figure 2),
in the cognitive functioning domain, hyperactivity (SDQ),
conduct problems (SDQ), inhibition, shifting, monitoring,
and difficulties with organization of materials (BRIEF) play
a more central role in the delayed group compared to
the on-track group. In the social functioning domain, only
teacher social support seems to play a more prominent role
in the delayed group than in the on-track group. Whereas
in the emotional functioning domain, especially risk-taking
in the hot condition plays a more central role in the
delayed group compared to the on-track group. The observed
differences in all three domains become smaller in the second
wave.
Community Profile Analysis
Community profile analysis was performed using an approach
similar to that of Fair and colleagues (2012). We first
transformed all variables for both groups and waves to z-scores.
To aid interpretability of the profiles we clustered related
variables using Confirmatory Factor Analysis (CFA, using the
Lavaan package in R, R Core Team, 2016) separately for
each wave. For an overview of the factors see Table 3.
The resulting factor scores for each participant indicate
their individual profile. We then correlated each participant’s
profile with the profiles of all other participants. On this
389 × 389 correlation matrix, we performed a community
analysis using the Louvain algorithm (Rubinov and Sporns,
2011) in R. We ran the analysis 200 times and further
examined the analysis with the highest modularity index
[Q, higher index indicates better separable ‘modules’ or
‘communities,’ ranges from −0.5 to 1 with positive scores
indicating above chance level separation in modules (Newman,
2004)]. In addition, we examined the uniqueness of the
communities (i.e., a significant variation from random). We
compared our Q index against an estimated distribution
of Q values under the null hypothesis (Fair et al., 2012).
For this approach, we randomized the factor scores of
all participants (separately for each wave) 200 times and
estimated the Q index at each instance. The distribution of
Q’s across the 200 iterations was taken as our null distribution
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TABLE 3 | Overview of profiles for community profile analysis.
Factor Name (abbreviated) Items in factor
Cognitive functioning
Executive Functioning Tasks EF Task Dots-Triangles, Eriksen Flankers Task, and Digit Span
Risk-taking (no affect) Risk Cold Columbia Card Task (cold version)
Executive Functioning Behavior EF Daily BRIEF – Inhibit, Shift, Working Memory, Task Completion, Plan/Organize, Organization
of Materials, and Monitor
Behavior regulation problems Reg Prob SDQ – Conduct problems, Hyperactivity/inattention
Social functioning
Social support Soc Supp Social Support Scale – Parents, Classmates, Teachers, and Close friends
Resistance to peer influence RPI Resistance to peer influence
Prosocial behavior Pro Soc SDQ Prosocial behavior
Peer problems Peer Prob SDQ Peer relationship problems
Emotional functioning
Need for arousal NFA Need for arousal
Risk-taking (affective) Risk Hot Columbia Card Task (hot version)
Emotional problems Emo Prob SDQ Emotional symptoms
Emotion regulation Emo Reg BRIEF Emotional Control
to which we compared our observed Q values for each
wave.
The community analysis thus estimates a number of
profiles, with the number of profiles decided by the
algorithm, that best separates participants into different
‘profile communities’ and assigns each participant to one
community. We analyzed the resulting profiles in terms
of mean factor scores for the twelve factors, differences in
these scores across the on-track and delayed groups, and the
proportion of participants across both groups assigned to a
certain community.
The community analysis returned three profiles for both waves
with a good modularity index (Q T1 = 0.42 and Q T2 = 0.45)
(Newman, 2004, 2006). These Q values differed significantly
from our estimated null distributions (z-values 10.05, and 16.10
for T1 and T2, respectively), indicating that all profiles are
unique (i.e., they vary significantly from random). Figure 3
shows the profiles, whereas Table 4 shows the distribution
of scores across the profiles. Profile #1 could be interpreted
as a ‘weak executive function and emotion regulation profile,’
as shown by more problems with executive functions, more
prone to influence of peers, relatively normal problems with
peers, low risk-taking, but more emotion regulation problems.
This profile is somewhat more inflated in the delayed group
compared to the on-track group. Profile #2 seems to be
characterized by high risk-taking behavior, in both the affective
(hot) and non-affective (cold) setting, with a high need for
arousal. Especially cold risk-taking is at higher level in the
delayed group compared to the on-track group, while for hot
risk-taking this is effect is reversed. Profile #3 seems to be
a relatively balanced profile, with the absence of problems
with EF, influence by peers, and peer problems, high levels of
prosocial behavior, a somewhat high need for arousal, and no
problems with emotion regulation. At T2 all profiles look very
similar except the high cold risk-taking of profile 2 is now less
extreme.
DISCUSSION
Although it is generally accepted that adolescence is characterized
by high levels of neuropsychological heterogeneity, traditional
statistical analyses fall short when taking into account the
interrelation between different characteristics of interest and
the relation between these profiles and (sub)group membership.
Building on recent insights from research on neural networks
(e.g., Kellermann et al., 2015) and social networks (e.g.,
Cappella et al., 2013), this study introduced network analysis
as a statistical approach to better understand the interrelation
between aspects of cognitive, social and emotional functioning
in typically developing adolescents who are either on-track
or delayed in their school career. In a next step, community
analysis was used to assess neuropsychological heterogeneity in
relation to educational performance. It was expected that this
network approach could reveal differences between on-track
and delayed students that would not be visible using traditional
analytical approaches. Results indicate that traditional analysis
of variance does not reveal significant differences between the
on-track and the delayed group. In contrast, network analysis
showed heightened centrality of executive functions in the
delayed group and community analysis indicated increased
levels of risk-taking and executive function problems to be
important for adolescents delayed in their school career. This
provides a first indication of the importance of examining
heterogeneity and interrelations among different developmental
domains in order to understand adolescent functioning and
school retention.
First, the on-track and delayed group were compared using
traditional analyses, namely repeated measures ANOVA. The on-
track and delayed group were followed up for approximately
1 year to map their development in terms of the interrelation of
cognitive, social and emotional functioning. Repeated measures
ANOVA’s showed that for each of the variables, namely
executive functions, risk-taking (no affect), behavior regulation
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FIGURE 3 | Continued
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FIGURE 3 | The three profiles that resulted from the community analysis, per wave. Profile #1 is an ‘EF problems’ profile; Profile #2 is a ‘high risk-taking behavior’
profile; Profile #3 is profile without significant behavioral problems. Colors indicate the specific domains (red, Cognitive; green, Social; and blue, Emotional). For
comparison, the dotted lines indicate the ‘opposite group,’ i.e., in the on-track profiles the dotted line indicates delayed profile and vice-versa. The gray lines indicate
the ‘opposite profile’ per group, i.e., the gray lines in the profile #1 plot indicate the profiles #2 and #3.
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TABLE 4 | Proportion of participants in each profile per group and wave.
On-track Delayed
Wave 1 (Q = 0.42)
Profile 1 40.3 33.3
Profile 2 25.3 15.9
Profile 3 34.4 50.7
Wave 2 (Q = 0.45)
Profile 1 33.1 31.9
Profile 2 32.8 40.6
Profile 3 34.1 27.5
Q, modularity strength. Higher index indicates better separable ‘modules’ or
‘communities,’ ranges from −0.5 to 1 with positive scores indicating above chance
level separation in modules (Newman, 2004).
problems, social support, resistance to peer influence, prosocial
behavior, peer problems, need for arousal, risk-taking (affective),
emotional problems, and emotion regulation, the change from
T1 to T2 was identical for the on-track and the delayed
group.
This is in contrast to previous studies that found a relationship
between different cognitive, social and emotional skills and
school outcomes such as grade retention (Jimmerson et al.,
2000; Robbins et al., 2004; Jimmerson and Ferguson, 2007;
Davoudzadeh et al., 2015; Fitzapatrick et al., 2015). For example,
Jimmerson and Ferguson (2007) found grade retention to have
a negative impact in the sense that children who were retained
in the beginning of elementary school showed more aggressive
behavior in adolescence. However, the latter study specifically
focused on children experiencing delay early in their school
career and the long term consequences of this delay, while the
current study did not specify the timing of the retention. It is
possible that early retention has a more profound impact on
children, that there are different causes for early and late grade
retention, or that deficits will become more visible over a longer
period of time in adolescents’ development. Additionally, many
studies examining cognitive, social and emotional functioning
in relation to grade retention have been conducted in the
United States, where school policies and policies on grade
retention are likely different compared to the Netherlands.
Whereas grade retention in the United States is often based on
results on standardized tests (Jimmerson and Ferguson, 2007),
the decision to retain a child or youth in the Netherlands is
made by the teachers and based on a multitude of factors, such
as grades and behavior. As the motives for grade retention are
different, the population of delayed adolescents is also likely
to differ, making the comparison of existing insights more
difficult.
Nevertheless, subtle differences can exist between the two
groups of adolescents which are not detected by these traditional
analyses. Therefore, network analysis was used to examine
the interrelation between the different variables of cognitive,
social and emotional functioning for the on-track and the
delayed group. Network analyses allow for the examination
of the interrelation between different variables and shows
which variables are very central (i.e., strongly related to many
other variables) or peripheral (i.e., weakly related to the other
variables). Networks of the on-track group suggest that executive
functions as measured by cognitive tasks, are peripheral in
the network and thus play a limited role in the cognitive,
social and emotional functioning of adolescents. Yet, difficulties
with self-reported executive function behavior, as measured
with a questionnaire, play a more central role in the network.
In the delayed group, however, only self-reported executive
function behavior stands out in the network, playing a central
role, while all other variables, including executive function
as measured with cognitive tasks, are equally important in
the network. The comparison of both groups shows that
at T1 the cognitive measures, teacher support, and risk-
taking in affective situations are more central in the delayed
adolescents compared to the on-track adolescents. Especially
executive functions (inhibition, shifting, and difficulties with
organization of materials) play a more central role in the
functioning of delayed adolescents compared to the on-track
adolescents. At T2 these differences have diminished and
only shifting is significantly more central in the network
of delayed adolescents compared to on-track adolescents.
In other words, while traditional analysis does not show
any differences between the two groups, network analysis
suggests that executive functions are more important in the
functioning of delayed adolescents than they are for on-track
adolescents.
The centrality of executive function behavior in the network
indicates that this skill is strongly related to many other skills
of adolescents cognitive, social and emotional functioning. This
is perhaps not surprising as executive functions are crucial
for goal-directed behavior (Huizinga et al., 2006). Executive
functioning has been related to a large number of outcomes
in a variety of live domains including physical health, mental
health, and school functioning (Best et al., 2011; Moffitt
et al., 2011; Diamond, 2013). Adding to existing literature,
the current study suggests that for adolescents delayed in
their scholastic track, executive function behavior may be even
more strongly related to a multitude of other domains and
outcomes. Also, while the heightened importance of executive
functions for delayed adolescents was clear at the first wave,
this importance diminished to some extent by the second
wave of data collection. It is possible that adolescents who
are retained end up in a more appropriate age group, which
can benefit the development of certain skills and lead to a
more balanced network of cognitive, social and emotional
skills.
Third, community analyses were conducted to assess
neuropsychological heterogeneity within the two groups. Three
unique profiles were found within both groups and at both
waves of data collection. The first profile comprises adolescents
with difficulties in emotion regulation, self-reported executive
function behavior, and problems with resistance to peers, while
showing low levels of risk-taking, and low levels of need for
arousal. The second profile consists of adolescents with low
levels of prosocial behavior, and high levels of risk-taking
behavior and need for arousal. Finally, the third profile includes
a well-adapted group of adolescents, where most variables
center around the average. This group indicates low levels
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of difficulties in executive function behavior, high levels of
prosocial behavior, and average levels of resistance to peer
influence. When comparing the on-track and delayed group,
the well-adapted profile shows few differences. However, in
the first profile delayed adolescents show a slightly higher
level of difficulties in executive function behavior. In the
second profile the delayed adolescents show even higher
levels of risk-taking behavior in non-affective settings. These
differences are visible at T1, but again are leveled off at T2. This
suggests that while some delayed adolescence may show more
unbalanced profiles, they eventually catch up with their on-track
counterparts.
An important note is warranted on the distribution of the
delayed and on-track adolescents across the different profiles.
Results show that at T1 half of the delayed adolescents
are classified in the balanced group (profile 3) and few are
categorized in the high risk taking group (profile 2). By
the second wave of data collection these numbers reverse
and more delayed adolescents are categorized in the risk-
taking profile. For the on-track adolescents, the distribution
across the three profiles is more equal. It would be expected
that the delayed adolescents are more often categorized in
the unbalanced profiles. One possible explanation is that the
current study may not have included all skills relevant for
grade retention, and therefore misses additional profiles of
adolescents. Another explanation is that, as mentioned before,
children and youth in the Netherlands are often retained
to prevent them to change into a lower academic track.
Such a preventive approach may result in retaining some
adolescents who have few deficits. The fact that more delayed
adolescents move to the unbalanced profiles may indicate
that this approach has a negative effect for these balanced
adolescents.
The findings of these community analyses thus further nuance
the results of the network analysis and indicate that while
executive functioning is important in the development of the
delayed group as a whole, there are individual differences
within this group. Whereas for some delayed adolescents
executive functioning (behavior) plays an important role in
their development, risk-taking might be the central deficit
for others. As the network analyses in this study point out
the centrality of executive function behavior in adolescents
functioning, this may suggest that especially the group with
difficulties in this executive function behavior are at risk
for developing a multitude of problems. This has important
implications for future research and clinical and educational
practice. The results of the current study suggest that caution
is warranted when average effects or group differences are
examined. Such approaches may miss important associations
and effects or even lead to wrong conclusions. An approach
taking into account heterogeneity provides more detailed
insights which can also be used to design more effective
measures to reduce deficits. The current study for example
indicates that while reducing deficits in executive functioning
might be a useful intervention to reduce academic difficulties
for some adolescents, this method will not be helpful for
others.
Strengths and Limitations
A clear strength of the current study is the advanced
analytical approach used to examine different domains
of adolescents functioning (e.g., executive functioning) in
relation to grade retention. This provides us with new
and more nuanced insights into these important topics in
education. Additionally, community analyses can provide a
powerful means of answering research questions, as it allows
for new types of research questions to be examined (e.g.,
about heterogeneity) as well as avoiding problems generally
linked to traditional analyses (e.g., multiple comparison in
ANOVA).
Naturally, the current study also has some limitations, which
should be taken into account. The current study used a large
sample of adolescents, but only 69 of them belonged to the
delayed group. Non-parametric procedures with bootstrapping
were used to allow community analyses to be performed.
Nevertheless, sampling bias occurs more easily in smaller
samples, which means that the results of the current study might
be biased due to an overrepresentation of certain (unknown)
characteristics. Future studies should attempt to examine similar
processes either in larger samples of adolescents who experienced
grade retention or use a careful recruitment procedure that
ensures that the sample is representative of the population with
regard to key characteristics. Larger groups might also allow
to distinguish more rare profiles that could not be found in
the current sample. Additionally, it would be informative to
examine heterogeneity within delayed and on-track groups, and
interrelations between domains of functioning across a longer
period of time. This could provide insights into developmental
trajectories of different subgroups of adolescents.
CONCLUSION
Traditional analyses often examine different aspects of adolescent
cognitive, social and emotional functioning in isolation and
rarely take into account the heterogeneity within groups of
adolescents. The current study shows that such an approach
may miss important insights. In the current study, no
differences were found between on-track and delayed adolescents
using traditional analysis of variance, while network analysis
highlighted the importance of executive function behavior.
Additionally, community analysis suggested executive function
problems and risk-taking behavior to be important deficits
for different subgroups of delayed adolescents. Network and
community analyses can thus provide more nuanced insights into
the underlying factors of specific difficulties, such as difficulties in
educational progression. Such nuanced insights can guide more
effective preventive and supportive measures for educational
difficulties.
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